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Many risk factors for PCHI have been identified but they can be summarised as (a) a history of neonatal intensive care unit/special care baby unit admission for 48 hours or longer, (b) a family history of PCHI, and (c) craniofacial abnormality noticeable at birth. One or more of these is present in about 60% of all babies with PCHI. However, almost half of positive family histories of PCHI are only uncovered by the family after diagnosis of the index case. 6 This reduces the percentage of all PCHI that could be identified with a screen targeted on babies at high risk to 45-50% of all PCHI. 1 7 In practice, most neonatal screening programmes targeted on high risk infants in the United Kingdom succeed in testing only about one third of all high risk babies. 1 The prevalence of PCHI in the population of babies without risk factors is around 54 per 100 000. 1 Another disability in addition to PCHI is present in 30% of hearing impaired babies with no risk factor, 20% of those with a positive family history, and 60% of those with a neonatal intensive care unit/special care baby unit history. 1 Conductive hearing impairments are about two orders of magnitude more common than sensorineural impairments, being almost exclusively mild (< 40 dB HTL) or moderate (> 40-69 dB HTL) and non-permanent. Middle ear eVusion is the most common cause, aVecting 36% of a large prospectively studied sample of normal children for more than 20% of days in the first three years of life. 8 Current screening for hearing impairment in infancy in the United Kingdom Screening for hearing impairment in infancy in most districts in the United Kingdom is currently undertaken using firstly the infant distraction test (IDT) administered by health visitors at 7 to 8 months of age, and secondly a targeted neonatal screen for babies at high risk. The IDT has been reported to have a low specificity, low sensitivity, and poor yield for PCHI in many districts 1 but is the predominant source of audiological and otolaryngological referrals for the much more common conductive impairments and middle ear eVusion. This is confusing because the case for neonatal screening has been made in relation to PCHI but is also inextricably linked with the fate of the IDT which currently functions primarily as a conductive hearing impairment screen, the benefits of which are unclear. 9 10 The criteria for targeting infants at high risk are often applied inconsistently or only to the subgroup who are admitted to a neonatal intensive care unit/special care baby unit and, as mentioned in the preceding paragraph, typically succeed in screening only one third of high risk infants or well under 20% of babies with congenital PCHI.
1
What to screen for and why An agreed case definition is one of the prerequisites for a screening programme (table 1). In the United States, mild and unilateral permanent losses have been included in the case definition, but it is not yet clear how beneficial early identification of these losses is. It also requires the threshold for screening positive to be lower to detect, for example, all unilateral failures, and therefore also increases the number of false alarms. Moderate or greater bilateral congenital PCHI is the case definition for which the argument for screening is strongest because it is well established that the target condition causes significant delays in language development and academic achievement (see "When to screen" below), and it can be eVectively treated by providing advice and support to the family and amplification or cochlear implantation. Additional novel interventions are on the way.
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Who to screen
The impairment is suYciently common (still 50 per 100 000 in "low risk" infants) to justify the solution that is most equitable, namely screening all children and not just the high risk group; the latter strategy requires the identification of risk factors, the need to put in place other arrangements for the low risk children which account for 50% of PCHI, and a higher staYng cost per patient tested. In practice, these costs reduce the diVerence in total cost between targeted and universal screening. 12 It is important to bear in mind that most screen failures and false alarms will inevitably occur in the 90% of the population not at high risk, so the context of universal screening adds to the importance of using a screen of high specificity and high positive predictive value.
When to screen: the eVect of early intervention
There is evidence that early intervention is more eVective than later intervention in improving outcome. Some linguistic input seems essential for language acquisition, and the ability to acquire a first language diminishes with age, suggesting an upper age limit for the ability to acquire certain aspects of speech and language. This has also been suggested by analogy with sensitive periods shown in animals in relation to the visual 13 and auditory 14 systems. However, analogy with sensitive periods in animals was used to justify the introduction of vision screening in children but this has since been strongly challenged. 15 Some ability to develop spoken language is demonstrable in infants with profound congenital PCHI who do not receive cochlear implants until late childhood. 16 The length of any sensitive period for language acquisition and whether it diVers between individuals remain to be determined.
The benefits of early intervention in congenital PCHI have been diYcult to assess, until very recently, because of the absence of an eVective strategy for early detection. Most studies have therefore been limited by small sample sizes, lack of comparison groups, and variable definitions of early. 1 Markides 17 reported that the teachers' ratings of speech intelligibility among 153 children matched for age, gender, age at onset of deafness, and degree of hearing loss and schooling was significantly better among those with hearing aids fitted before 6 months than among those with aids fitted later.
Analysis of video recordings of the language of 33 children with mild to profound congenital PCHI aged 32-85 months suggested that earlier referral for hearing assessment improved language production. 18 Robinshaw 19 compared three groups of children for the development of gestural and vocal production: five children with severe and profound PCHI who received amplification before the age of 6 months, 12 children with similar losses identified at an average age of 2 years and 3 months that had been reported in another similar study, 20 and a comparison group with normal hearing. The early treated group showed slightly delayed but similar development to normally hearing infants whereas development in those in the late identified group was delayed by two years.
In Colorado, USA, the receptive and expressive language abilities, assessed at a mean age of 26 months, of 72 children with congenital mild to profound bilateral PCHI whose loss was identified between birth and 6 months were compared with those of 78 children with a later (median age 16 months) identified loss. 2 Fifteen of the total of 150 had only mild (26-40 dB HTL) bilateral losses. The children received a family focused home intervention programme for one hour a week, with goals and activities determined according to an analysis of a videotaped parent-child interaction. The groups were similar with respect to sex, ethnicity, socioeconomic status, degree of PCHI, mode of communication, and cognitive status (assessed by a questionnaire on play). Language quotients, assessed by a well validated questionnaire completed by the primary care giver, were significantly higher in the early identified (mean (SD) 79.0 (20.9)) than the late identified (63. 8 (19. 3)) group (p < 0.001), irrespective of severity. Children identified between 6 and 12 months, however, did not show improved outcomes compared with chil- dren identified after 12 months. Identification of PCHI in children with "normal cognitive ability" (defined as a cognitive quotient above 79) before 6 months of age reduced the diVerence between cognitive and linguistic quotients from 24-26 points to 5-7 points.
All these studies suggest that intervention must begin well before 1 year and possibly before 6 months to maximise the potential benefit. It is unclear why, in the Colorado study, great benefit was found in babies with PCHI identified before 6 months but none in those identified from 6 to 12 months nor why the benefits were just as great for mild losses, the eVect of which on outcome would be expected to be less, as for greater degrees of PCHI. These findings need to be confirmed in other populations and in longitudinal studies. Nevertheless these studies taken together clearly support the case for a specifically neonatal screen. UNS therefore seems to be the logical solution.
Is universal neonatal screening really eVective?
There have been many reports that a number of PCHIs come to light with UNS but these have been open to the criticism that the condition may have come to light just as quickly without the screen. The added value of the screen has, however, been directly measured in a controlled trial in the United Kingdom. 21 A total of 53 781 babies born in four maternity hospitals in Wessex from October 1993 to October 1996 comprised the target population for screening. Two teams of four part time testers and equipment moved between the two pairs of hospitals to achieve four periods with neonatal screening and four without neonatal screening in each hospital, each of four to six months duration. Babies did or did not undergo neonatal screening depending on during which period they were born. A two step neonatal screen was used (see below). The IDT screen continued throughout all periods of the study.
Sixty two more babies with moderate, severe, or profound congenital bilateral PCHI per 100 000 target population (95% confidence interval 19 to 105 per 100 000) were referred before age 6 months during periods with neonatal screening than during periods without. Early confirmation and management of PCHI were also significantly increased. By April 1998, 53 infants with bilateral PCHI of moderate or greater degree had been identified from this birth cohort, including 33 identified before age 6 months. An additional four such cases of moderate or severe PCHI were identified before the age of 6 months for every five expected in the population, during periods with UNS compared with periods without. Detection of moderate PCHI this early was achieved in 93% of babies born during periods with UNS compared with 17% of babies born during periods without. Thus detection before the age of 6 months was closely associated with UNS.
In this way, the eVectiveness of UNS for the early identification of PCHI in the United Kingdom has been firmly established. The benefit of early treatment to speech and language development of children with PCHI was discussed in the preceding section, but the more cautious observer can still point out that such benefit has never been demonstrated in a controlled trial (which would be ethically impossible to conduct in moderate or more severe PCHI) and has not been measured in the context of UNS in the United Kingdom. A proposed study of the outcome at school age in babies enrolled in the Wessex trial, 21 and the UNS programmes in Waltham Forest 22 and Hillingdon 23 in the United Kingdom in the early 1990s aims to determine the benefits and costs of early provision of treatment to children with congenital bilateral PCHI for subsequent language development, behaviour, family relationships, quality of life, and related use of resources.
Which screening test
A screening test for any condition is valid if it detects the majority of people with the target disorder (high sensitivity) and excludes most people without the disorder (high specificity) and if a positive test usually indicates that the disorder is present (high positive predictive value). The best measure of the usefulness of a test for the infant being screened is probably the likelihood ratio-how much more likely a positive test is to be found in someone with, as opposed to someone without, the disorder 24 -values above 10 being likely to be useful. It is also important to consider the "programme" performance of a screen, which relates to the target population, and not just the "test" performance, which relates to those infants actually screened. The two stage UNS used in the Wessex trial (see below) had a positive likelihood ratio of 63.9. The programme performance of that screen, including the run in period of the trial when coverage was poor, was a specificity of 98.8% and a sensitivity of 85.2%. 21 25 Although the performance of UNS is often not reported in this way, those data that are reported suggest equally good performance in other implementations of two stage screens referenced below.
The performance of several neonatal screens for PCHI has been the subject of many reports. 5 6 21-23 26-32 Transient evoked otoacoustic emissions (TEOAE) and the automated auditory brainstem response (AABR) have now been tested in several UNS programmes. TEOAE, also known as cochlear echoes, are low intensity sounds originating from the outer hair cells in the cochlea and can be elicited in response to clicks presented to the ear through a light weight probe. Their detection by a microphone within the same probe is a simple and rapid clinical test for the normal functioning of the middle and inner ear. The ABR is an electrical response to auditory stimuli which is usually recorded with three surface scalp electrodes and is a well established measure for assessment of the function of the eighth cranial nerve and the auditory pathway in the brainstem.
Each individual test has drawbacks. TEOAE testing is quick, sensitive to cochlear pathology, and involves only a small probe in the outer ear, which makes it very acceptable to parents and babies. AABR, and not TEOAE, is potentially sensitive to auditory neuropathy (accounting for 1.8% of PCHI in one study 6 ) and the equally rare "central deafness", an ill defined condition that merges into other neurological abnormalities, which are not the target of the screen.
Some 2.0-3.6% of screened infants in UNS programmes in the United Kingdom are reported to screen positive 21 22 25 33 on TEOAE screening. A similar rate of 3.1-4% on AABR testing has been reported in the context of UNS in "community hospitals" with relatively low birth rates in the United States, 26 31 but this test involves the placement of three scalp electrodes and, in the Wessex trial, was less readily accepted by families. The need for electrode placement may also decrease the number of screens that can be completed in a day and therefore its suitability for application in busy units. Historically it has more often been applied to the neonatal intensive care unit/ special care baby unit population, in which the number of tests to be completed is tenfold smaller than the number in the low risk population and the incidence of abnormalities rostral to the cochlea is higher.
Whichever test is used, variation in test performance between hospitals and testers is manageable and improves progressively over the first year or more after introduction in the United Kingdom and the United States. 5 6 21 33 Quality standards and consensus statements regarding early identification of PCHI have been put forward in the United States, [34] [35] [36] the United Kingdom, 37 and for the European Union. 38 Particularly seminal were the recommendations of the National Institutes of Health that all infants should be screened for congenital PCHIs before the age of 3 months and that TEOAE detection and ABR measurement be used sequentially as a two stage universal neonatal screen. 34 The task force of the American Academy of Pediatrics on newborn and infant screening "defers recommendation as to a preferred method", 36 but the combination of TEOAE and AABR technologies in a two stage screen, which has the most favourable published combination of specificity, sensitivity, acceptability, and high coverage in hospitals with a wide range of birth rates, 4-6 21 22 39 has been recommended for national implementation in the United Kingdom. Data collected using such a two stage screen during the Wessex controlled trial suggests that amendment of pass/fail criteria can result in a screen with a high sensitivity and yield, a false alarm rate of less than 0.7%, and a rate of diagnosis of raised auditory thresholds due to nontargeted-that is, mild, unilateral, or conductive-hearing impairments of less than 0.1%. 32 This and associated protocols are accessible on the internet at the website address: http://www.ihr.mrc.ac.uk.
The national screening committee has rightly been concerned about the possibility of UNS leading to unnecessary anxiety in parents of babies screening positive. Studies of this issue have reported no increase in anxiety, 25 40 and there is a striking lack of even anecdotal published accounts of this potential problem occurring in practice, but more studies are needed to provide reassurance about the absence of problems. Clearly the need to minimise the risk of such problems is another reason to choose screening tests and pass/fail criteria that reduce the false alarm rate. 5 32 33 Delays in achieving diVerentiation between conductive and sensorineural losses are another avoidable cause of uncertainty and therefore anxiety and delayed treatment. Watkin and Baldwin 33 have reported an eVective solution to this problem by adding bone conduction ABR to the test battery used in those screening positive on UNS; this reduced the average age of "audiological certainty" for those with a temporary conductive impairment and 50, 60 or 70 dB HTL thresholds from 35 to 8 weeks.
Which setting
The target population against which performance of UNS has been measured in the United States, Germany, Austria, and also in the Wessex trial in the United Kingdom has been all births in a given hospital or series of hospitals. Coverage of 90-95%, including 95-100% coverage of babies at high risk, has been achievable using a hospital based screening programme before postnatal discharge from hospital, supplemented, in some cases, by a recall system. 5 6 21 23 26 28-31 This has proved sustainable for periods of years with practical economical staYng arrangements. It is still the case that the published evidence that UNS can be made to work on a large scale has all been obtained in a hospital setting.
Implementation has been taken one step further by Watkin and colleagues who have published a series of reports showing that an equally high level of coverage can be achieved not only for babies born in a given hospital but also for babies resident in a geographically defined area (the district of Waltham Forest in Essex) using, once again, a hospital based screen managed, in this case, by the same audiology service that also assesses the babies who screen positive 7 22 33 41 High coverage has also been achieved in health authority districts in Denmark. 27 Ten years later it still remains to be seen if other districts in the United Kingdom will be able to do as well.
There are obvious attractions to a screen at home rather than in hospital, especially as rates of early postnatal discharge from hospital are rising. Furthermore, midwives are already visiting newborn babies at home within a week of birth, achieving coverage with heel prick blood spot screening of 95-100% of babies (excluding those still in neonatal intensive care units and special care baby units) for other conditions, and recording the same in a database. However, any neonatal hearing screen delivered at home may involve several novel steps, possibly including management and delivery of UNS by a community based team, neonatal testing by many testers rather than a specialist team, the use of new more portable technology, and so on. These innovations are largely untried and must, in the first instance, be compared with or at least added to hospital delivered UNS, which is the only system that has been shown to be workable on a large scale, and not simply introduced in a haphazard way.
What next in the United Kingdom
The comprehensive critical review commissioned by the Department of Health, published in 1997 1 (and usefully summarised in this journal 42 ) set in train a process which now seems certain to end with a national change in practice. 15 42 43 The National Screening Committee of the Department of Health recommended to ministers that UNS be introduced across the United Kingdom and, as mentioned in the opening paragraph, an announcement was made on 22 June 2000 by Yvette Cooper, government minister for public health, that the United Kingdom government had decided in principle to introduce UNS and wished to invite districts to apply to be part of a 20 site pilot. A national screening protocol and quality markers such as coverage rates above 90% and maximum false positive rates of 3% have already been specified. Districts will also be required to show that they can provide a well coordinated audiological and educational care service which is patient centred and "family friendly" (table 2) as defined by a number of specific standards. 44 All this information is currently posted at website address http// www.ihr.mrc.ac.uk. Specific proposals for "rolling out" training, the use of information technology, quality assurance, and pump priming funding may follow. The yield of the IDT screen is negligible once UNS is in place 21 and, although there will be a need for some form of targeted postnatal screen for those not neonatally screened and some others, the role of the health visitor in hearing screening is likely to be redefined more widely in the context of changes in child health surveillance. 15 The expected change in national practice to UNS as the screen of choice for hearing impairment in infancy can reasonably be described as evidence based, although some questions remain. What is the optimum age for intervention? What is the interaction between severity of impairment and magnitude of benefit of early intervention? How will all babies be screened, irrespective of place of birth? Is community based UNS feasible on a large scale? Are the latest commercially available variations on the testing equipment better in ways that matter? Individual districts will have to decide how to achieve high coverage of their entire population by adapting national recommendations to their particular circumstances, how to react to new untried technology, and how to fund and manage the changeover from the current situation to UNS. If, however, outcomes are to improve, the introduction of UNS will need to be coupled to the provision of early treatment in family friendly form-probably the greater challenge.
Summary
UNS for bilateral congenital permanent hearing impairment has been shown to be eVective in the United Kingdom and elsewhere, and the United Kingdom government has decided in principle to introduce it in place of the current arrangements for hearing screening in infancy. This will require changes in the configuration of screening and audiology services and an acceleration of the current trend for health and education to work more closely with the family and with each other. Continuing evolution of the pattern of postnatal care and of screening technology may alter the available options for the precise method of neonatal screening but, in practice, eVectively managed screen delivery and early patient centred treatment are more likely to aVect outcome. We can now look forward to better language development with all its secondary benefits for these children and their families in the United Kingdom. The issue of screening for hearing impairment was prioritised by the Health Technology Assessment (HTA) programme in 1994 and a systematic review was commissioned.
3 It argued that early identification and habilitation of congenital hearing impairment is beneficial, current methods of detection (the infant distraction test or IDT) give very poor results, and UNHS is better and cheaper. The review was debated in 1998 by the CSG, audiology professionals, and the National Deaf Children's Society. The CSG's priority was to secure government commitment to the principle of UNHS and ensure that, once accepted, it would be available to everyone; but members wanted several issues to be clarified before recommending that a new service should be established countrywide.
First, there were some weak links in the evidence that early diagnosis is beneficial. In the absence of UNHS, children diagnosed early are not necessarily the same as those diagnosed later, so direct comparisons may be misleading, even when severity and cause of hearing impairment are controlled. Both early diagnosis and eVectiveness of intervention might, for example, be aVected by parents' understanding of infant communicative behaviour. Early deficiencies in language acquisition may disappear over time. Communicative and social skills, employability, and mental health as adults are crucial long term outcomes for which all others are proxies. There are, however, now some preliminary data of superior outcomes in a screened as opposed to a non-screened population.
The second concern was the potential for harm. Significant numbers of normal babies would be referred for assessment. What is the cost in resources and parental anxiety? The meagre evidence available suggested that most parents value screening and cope with short term anxiety; nevertheless it seemed important to minimise it and protect parents who are vulnerable for other reasons such as depression. Further data were therefore requested on the question of anxiety and harm caused by false positives.
The third issue was whether audiology services could respond eVectively to a sudden increase in referrals of very young babies needing investigation, intervention, and support. Many services are under resourced and would probably be unable to cope with UNHS at present.
Finally, cost issues were re-examined. Unfortunately, there was no easy way of recovering resources from discontinuing the IDTs and reinvesting them in UNHS. The costs of implementing and running UNHS were thought to be somewhat higher than previously calculated, though still much cheaper than IDT. An attempt was made to compare the costs and benefits of UNHS with other screening programmes for children. The economic analyses of these programmes turned out to be based on widely varying assumptions and no direct comparison was possible. Further work was commissioned to standardise the presentation of economic data on screening for future projects. After reviewing the evidence, the CSG and NSC accepted that the balance of probabilities strongly favoured early diagnosis being beneficial, but only if UNHS is linked to an audiology service that oVers clear, understandable information with access to personal support and advice, and resolves clinical uncertainty as quickly as possible. Therefore, the "Family Friendly Hearing Service" standards were developed for districts to achieve before embarking on UNHS, but this was only possible because funds could fortuitously be obtained from other sources. The CSG then proposed an implementation group to plan the introduction of UNHS in selected pilot sites, with mechanisms built in for clarifying the concerns raised by the committee. This has now been agreed by the Minister.
The process has raised important questions about how policy is formulated in the UK health service. A highly centralised process has some advantages. It avoids precipitate introduction of new technologies, ensures debate between individuals in a variety of disciplines, and increases equity of access across the country. In principle, it should enable professionals and ministers to make decisions based on sound evidence, although the weakness of current health economics analyses, when deciding on the priority order of new screening programmes, was very obvious.
There are also disadvantages of centralised policy making. When the systematic review was commissioned by the HTA, there was no clarity as to how its findings might influence policy. The reviewers felt that they were expected to treat the process purely as an academic exercise. Their personal investment in implementation of their findings extended beyond their brief. The CSG was (rightly) perceived as lacking the authority to turn policy into action. This in turn was frustrating to clinicians and academics who were eager to innovate and to establish UNHS in their areas, but had to wait for "oYcial" government policy. There was no related source of funding to address the questions that the CSG felt must be answered before introducing the programme countrywide, and the funding cycles which could support such work move too slowly to support the pace of innovation and research. Similar problems have arisen in connection with proposals for pilot trials on screening for medium chain acyl CoA dehydrogenase deficiency using tandem mass spectrometry. 5 6 We agree that screening policy probably is best developed and monitored at national level, but we need a defined pathway from identification and prioritising of an opportunity or problem, to assessment, review, further research, and implementation; better mechanisms for economic appraisal; better ways of responding to the views of the consumer, as represented in this case by the voluntary organisations; and a clear commitment from government formally to review and respond to the advice of professional committees. 
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